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Introduction
Acinetobacter baumannii is one of the main causers of health care associated infections. Regarding its ability of rapid dissemination in hospital environment and acquiring mechanisms of antimicrobial resistance, it represents global healthcare-associated problem. Resistant A.baumannii poses a significant threat to patients and healthcare systems [1, 6] . Colonization with resistant microorganisms is inevitable for battle injured, who has to pass through the various levels of the evacuation chain. These infections are thus likely the result of hospital-acquired infection in facilities along the evacuation route with A.baumannii being the most common pathogen [3, 4] . Acinetobacter appears to be primarily associated with nosocomial transmission in and out of the combat zone [2] . A.baumannii is the cause of serious infections in healthcare settings, and resistance limits treatment options and increases the risk for adverse outcomes for patients. The epidemiological situation has worsened in the past years, with a higher number of countries reporting interregional spread or endemicity of carbapenem-resistant A.baumannii [7] . A.baumannii is adapted to persistence in healthcare settings and is difficult to eradicate once it has become endemic [5] . For these reasons to investigate epidemiology and susceptibility to antibiotics of A.baumannii in modern war wounds is crucial for correct treatment choice.
Materials and Methods
The patients enrolled in study had combat wounds of upper or lower extremities which were treated in the Military Medical Clinical Center of Central Region (MMCC CR) Ukraine. The wounds were swab-cultured. The recovered A.baumannii after primary identification in Department of Microbiology of National Pirogov Memorial Medical University were forwarded to the Multi-drug resistant repository and surveillance network (MRSN) in Walter Reed Army Institute of Research where they underwent additional antibiotic susceptibility testing (AST) and analysis by whole genome sequencing (WGS).
Results. Updating
In total 10 isolates were submitted as A.baumannii. Testing revealed that all isolates were resistant to ampicillin, cefazolin, ciprofloxacin, and levofloxacin and all were sensitive to tigecycline (table 1) .
Susceptibility to other antibiotics varied considerably, with just two isolates (VNMU001 and VNMU133) displaying resistance to the carbapenems (imipenem and meropenem). An analysis of the antibiotic resistance genes carried by the isolates was in broad agreement with the AST data ( Table 2 ). Carbapenem resistance in VNMU001 was correlated with the presence of blaOXA-23, while carbapenem resistance in VNMU133 was correlated with the blaOXA-24 variant, blaOXA-72.
Notably, VNMU133 also carried the potent 16S methylase gene armA, which confers resistance to all aminoglycosides, and this is reflected in the AST profile for this strain which indicates resistance to all three aminoglycosides tested (amikacin, gentamicin, and tobramycin). Overall, 28 different antibiotic resistance genes were identified among the 10 isolates, with the majority encoding -lactamases or aminoglycoside modifying enzymes (AMEs). In silico Multilocus sequence typing (MLST) was performed on all 10 isolates and assigned the strains to four different Sequence Types (STs). Four isolates were assigned to ST-19 and four to ST-400. The remaining two isolates were assigned to ST-1 and ST-2.
MLST is suitable for analysis of isolates on a global scale, but the resolution provided is low. To better understand the relationship between the isolates, we performed a pairwise comparison of the isolates using a single nucleotide polymorphism (SNP) based approach. This identifies any mutations between different isolates and offers exceptional resolution that is suitable for outbreak investigations.
Initially, we constructed an overall dendrogram based on mutational differences between the isolates (Fig. 1) .
As illustrated in Figure AB1 , the 10 isolates form four distinct clusters that correspond to the 4 different MLST's identified. Two isolates, VNMU001 and VNMU133 formed their own branches and were unrelated to the other isolates. Notably, VNMU133 belonged to ST-1, the founding member of Global Complex I, a globally distributed complex of A.baumannii [2] . Similarly, VNMU001 belongs to ST-2 (Global Complex II) and is found world-wide.
Four isolates were assigned to ST-19 (See Table 3 ), which is also a member of Global Complex I, and is closely related to ST-1. A SNP-based analysis of the four isolates was conducted to determine the relationship between them (Figure 2 ). Table 1 . Antibiotic susceptibilities of A. baumannii isolates.
Abbreviations used: AMK -Amikacin; AMC -amoxicillin-clavulanic acid; SAM -ampicillin-sulbactam; AMP -ampicillin; ATM -aztreonam; CFZ -cefazolin; FEP -cefepime; CAZ -ceftazidime; CRO -ceftriaxone; CIP -ciprofloxacin; GEN -gentamicin; IPMimipenem; LVX -levofloxacin; MEM -meropenem; TET -tetracycline; TGC -Tigecycline; TOB -tobramycin; SXT -trimethoprimsulfamethoxazole. 1 Adjudicated susceptibility result based on the three commercial platforms used at the MRSN. R -resistant; I -intermediate; Ssensitive based on current CLSI guidelines.
As illustrated, the four isolates are related, but not identical, and are only distantly related to ST-19 isolates cultured during the Iraq war. VNMU008 and VNMU085 are the most related, and they differ by 14 mutations (SNPs) and an additional 4 kB of sequence in VNMU085. This is reflected in the antibiotic resistance gene content, where both isolates carry the same antibiotic resistance genes (Tab. 2). A difference of 14 SNPs indicates that these isolates diverged approximately 1 year previously. Notably, VNMU008 was collected on September 2014 while VNMU085 was collected 6 months later in March 2015. This could indicate that both strains have emerged from a common source, possibly an environmental area that is contaminated by this strain. Four isolates were also assigned to ST-400, which was first described in 2015 from isolates cultured in Brazil in 2000 and is unrelated to the major clonal complexes. A SNP-based analysis of the four strains was also performed (Fig. 3) .
As illustrated in Figure AB3 , VNMU132 and VNMU028 form very distinct strains and are unrelated. However, VNMU130-1 and VNMU130-2, collected from the same sample, differ by 20 mutations (i.e. 20 SNPs), and both isolates also carry the same antibiotic resistance gene content. It is likely that these isolates represent an ancestral strain that has evolved over time, either within the host or on an 
Con clusions and prospects for furth er developments
1. The ten A. baumannii isolates represent four separate clades that include a single isolate from ST-1 and ST-2, members of the globally distributed CCI and CCII groups. Both of these clades are notorious for harboring multi-drug resistant strains, and this is reflected in this study where VNMU133 (CCI) and VNMU001 (CCII) displayed resistance to a wide variety of antibiotics and carried multiple antibiotic resistant genes.
2. The remaining 8 isolates were assigned to ST-19, which is also a member of CCI, and all four isolates were closely related. Similarly, the four isolates from ST-400 clustered together, but only the two isolates from the same culture would be considered related (VNMU130-1 and VNMU 130-2). It is possible that ST-19 and ST-400 isolates are circulating within this population and additional surveillance is warranted. These data indicate that ST-19 and ST-400 isolates are still susceptible to many antibiotics but have the potential to acquire and develop more resistance mechanisms.
